Using the next-to-leading order low energy effective Hamiltonian for |∆B| = 1, ∆C = ∆U = 0 transitions, the contributions of electroweak penguin operators in B − (B 0 d ) → P P and P V decays are estimated in the standard model. We find that, for some channels, the electroweak penguin effects can enhance or reduce the QCD penguin and/or tree level contributions by at least 30%, and can even play dominant
Introduction
In a recent publication [1] , the QCD penguin contributions to decay rates and direct CP violating rate asymmetries are systematically investigated using the low energy effective Harmiltonian [2] including next-to-leading order QCD correction for |∆B| = 1, ∆C = ∆U = 0 transitions. Since this Hamiltonian has been generalized by Bura et al through the inclusion of electroweak penguin operators [3, 4, 5] , now we are in a position to analyze not only the contributions of the QCD penguin operators beyond the leading logarithmic approximation, but also the contributions of the electroweak penguins. Naively, people believe that the electroweak penguin contributions are suppressed by a factor of α em /α s ∼ O(10 −2 ) relative to QCD corrections [7, 8] , so the electroweak penguin corrections comparing with the QCD penguin may be negligible. However, this is not always true.
As is well-known from the anatomy of the penguin-dominated quautity ǫ ′ /ǫ describing direct CP violation in the K-meson system, the electroweak penguin contributions can become important and can even compete with QCD penguin operator contributions in the presence of a heavy top-quark [5, 6] . But how about in B − (B 0 d ) → P P and P V decays? In this paper, by applying the BSW model [9] based on the factorization assumption, we calculate the branching ratios and rate asymmetries in B − (B 0 d ) → P P and P V decays, and find that, for some decay channels, the electroweak penguin contributions can be as large as 30% ∼ 95% in decay width and the CP-asymmetries can be larger than 30% in CP asymmetries.
The paper is organized as follows: In section 2, we give a brief description of the low energy effective Hamiltonian including both leading and next-to-leading order QCD corrections and leading order corrections in the QED coupling constant and the explicit cancellation of the renormalization scheme dependence arising beyond the leading logarithmic approximation. In section 3, we then apply the effective Hamiltonian discussed in section 2 and the BSW model in B − (B 0 d ) → P P and P V decays to calculate the weak decay amplitudes. The numerical results for the branching ratios and CP-asymmetries are disscussed in section 4. At the end, we give a brief summary.
2
The Effective Hamiltonian Beyond Leading Logarithms and the Cancellation of Renormalization Scheme Dependence
As discussed in ref. [5] , the next-to-leading order low energy effective Hamiltonian describing ∆B = −1, ∆C = ∆U = 0 transitions takes the following form at the renormalization scale
where C k (µ) (k=1,· · ·,10) are the Wilson coefficients which are calculated in renormalization group improved pertubation theory and include leading and next-to-leading order QCD corrections and leading order QED corrections. The CKM factors v q are defined as
Using the Wolfenstein parametrization [10] in which the CKM matrix is parameterized by A, λ, η and ρ, we have
In our numerical calculation, we use λ = 0.22, A = 0.8, η = 0.34, ρ = −0.12 which are obtained from the fit to the experimental data [11] . The operators Q u 1 , Q u 2 , Q 3 , · · ·, Q 10 are given as follows:
Where Q Beyond the leading logarithmic approximation, the Wilson coefficients C k (µ) ( k = 1, · · ·, 10 ) obtained by solving the renormalization group equation depend both on the form of the operator basis (5) and on the renormalization scheme used. Consequently, the tree level penguin transition matrix elements or amplitudes calculated by H ef f are also scheme dependent. However, the physical quantities, of course, should be renormalization scheme independent if one handels the hadronic matrix elements correctly. In order to cancel these scheme dependence, we introduce the renormalization scheme independent Wilson coefficient function [2, 5, 12] 
whereγ s,e are obtained from one-loop matching conditions, and treat the matrix elements to one-loop level [12, 13, 21] . These one-loop matrix elements can be rewritten in terms of the tree-level matrix elements < Q j > 0 as
which define matricesm s (µ) andm e (µ). In eq.(6) and (7), C(µ),C(µ) and Q(µ) are all column matrix. Combining (1) with (6) and (7), we obtain the following renormalization scheme independent transition amplitude:
where C ef f k are defined as
where P s,e are given by (10) here q denotes the momentum of the virtual gluons and photons or Z 0 bosons appearing in the QCD and QED time-like matrix elements. For the details of this calculation, the reader is referred to refs. [12, 21] . In the numerical calculation, we will use q 2 = m 2 b /2 which represents the average value.
If we take
, we have the numerical values of the renormalization scheme independent Wilson coefficientsC i at µ = m b scale as follows [14] :
Decay Amplitudes in BSW Model
To work out the decay amplitudes, we follow Bauer, Stech and Wirbel [9] . With the help of the factorization hypothesis [15] , the three-hadron matrix elements < XY |H ef f |B >, that is the decay amplitude, can be factorized into a sum of products of two current matrix elements < X|J µ 1 |0 > and < Y |J 2µ |B >. The former matrix elements are simply given by the corresponding decay constants f X and g X [16] :
for a pseudoscalar and a vector meson with the polarization vector ǫ µ respectively, where J µ = V µ − A µ is the usual colour-singlet V-A current. The latter kind of matrix elements can be expressed in terms of Lorentz-scalar form factors [9, 16] :
where 
On the other hand, there are additional contributions from (V+A) penguin operators, for example Q 5 , Q 6 , Q 7 and Q 8 in (5). Using the equation of motion, this kind of matrix elements can be rewritten in terms of those involving usual (V-A) currents [17] . After a straightforward calculation, we can obtain three different kinds of expressions relevant to
Conveniently, we define
Using
where
are defined as follows:
where f π and f π 0 are the decay constants of the π and π 0 meson, respectively, F 0 is the form factor(see Appendix).
NUMERICAL RESULTS AND DISCUSSIONS
In the B rest frame, the two body decay width is [18] Γ(B → XY ) = 1 8π
is the magnitude of the momentum of the particle X or Y. The corresponding branching ratio is given by
In our numerical calculation, we take Γ GeV [19] . The CP-asymmetry A CP for the charged B system is defined as
While for the neutral B-meson system,
if f is CP-eigenstate, eq(25) can be simplified as
where x and ξ are defined in [22] . In our numerical calculation, we take x d = 0.71. The numerical results of electroweak penguin contributions to the branching ratios and CP asymmetries are collected in table 1-8, where "QCD + QED" means the branching ratios and CP asymmetries with full QCD and QED penguin contributions, "QCD" with only QCD penguin contributions, δΓ/Γ represents the enhancement percentage of the electroweak penguin contributions to the decay width, δA/A represents the enhancement percentage of the electroweak penguin contributions to rate asymmetry. All the parameters needed in the calculations, such as the meson decay constants, form factors and pole masses etc, are listed in the appendix. From table 1-8, we can see the following features:
′ , the electroweak penguin contributions to the branching ratios are dramatically large, they can enhance the branching ratio by 3 orders in magnitude. This is because the relation C 3 (mb) + C 5 (mb) ≈ −1/3(C 4 (mb) + C 6 (mb)) which could lead to a strong cancellation between the QCD penguin matrix elements in the decay amplitudes.
For
, the electroweak penguin effects compete with or dominate over QCD penguin and/or tree level contributions in branching ratios. For example, the electroweak penguin effects can enhance the branching ratio by a factor of 3 in magnitude for B − → K − ρ 0 . This is becausse the particular structure of ρ 0 = 1 √ 2 (ūu −dd) which could lead to a strong cancellation between theūu anddd contributions in QCD penguin matrix elements.
, the electroweak penguin effects are non-negligible in branching ratiios, they can enhance or reduce the QCD and/or tree level contributions by a percentage larger than 30%.
2) For B − → φπ − , π − J/ψ andB 0 d →K 0 J/ψ, the electroweak penguin contributions are the only source of CP asymmetries.
, the electroweak penguin contributions to CP asymmetries are dominant, they can enhance the CP asymmetries by an order of magnitude.
, the electroweak penguin contributions are non-negligible or competable with QCD and/or tree level contributions in CP asymmetries, the percentage is larger than 30%.
For all decay modes, the CP asymmetries change not very much in magnitude except from −20.64% to −6.81 for B − → K − ρ 0 and from −35.07% to −4.85% for B − → π − ρ 0 . At last, we should mention that some decay modes have been calculated by others using a similar approach, for example, B − → π − φ in ref. [13] , [20, 21] . Our results agree with them.
In summary, we can say that for some decay modes, the electroweak penguin contributions are not negligible, they can enhance or reduce the QCD and/or tree level contributions by at least 30%, and can even play dominant role in decay width, but can not change the CP asymmetries in magnitude largely.
Parameters for the Numerical Calculations:
In order to calculate branching ratios and CP-violating asymmetries, we use the following values for the mass-parameters, formfactors, decay constants, etc.
• quark masses:
• meson masses and decay constants: •Pole masses (GeV): •Form factors at zero momentum transfer: Table 1 Branching ratios and CP asymmetries with QCD + QED and with only QCD penguin contributions in
0.7 5.15×10
15.1 9.64×10 −6
2.9 7.33×10 −7
2.9 −1.8 Table 2 Branching ratios and CP asymmetries with QCD + QED and with only QCD penguin contributions in
29.6 4.06×10
0.09
0.09 −0.2 0.6 Table 3 Branching ratios and CP asymmetries with QCD + QED and with only QCD penguin contributions in Table 4 Branching ratios and CP asymmetries with QCD + QED and with only QED penguin contributions in Table 5 Branching ratios and CP asymmetries with QCD + QED and with only QCD penguin contributions in B Table 6 Branching ratios and CP asymmetries with QCD + QED and with only QCD penguin contributions in B Table 7 Branching ratios and CP asymmetries with QCD + QED and with only QED penguin contributions in B −0.7 −0.3 0.7 Table 8 Branching ratios and CP asymmetries with QCD + QED and with only QED penguin contributions in B 
